Physical and chemical 'properties of the insect cuticle
F ig u r e 14. X -ra y p h o to g rap h of th e d ry p u p ariu m . B eam perpendicular to th e surface, th e o rien tatio n being th e sam e as in figure 11.
F ig u r e 15. P u p ariu m . O rien tatio n is th e sam e as in figure 12.
F ig u r e 16. P u p ariu m . O rien tatio n is th e sam e as in figure 13.
P la te 3
F ig u r e 17. X -ra y p h o to g rap h of p u p ariu m w hich w as purified in diaphanol. Beam parallel to th e surface an d parallel to th e tran sv erse axis. Sam e orien tatio n as in figures 13 an d 16. In tercastes of two species of te rm ite s are described, and th eir significance is discussed.
Introduction
The occurrence of intercastes in colonies of social insects is surprisingly infrequent. In almost all of them the abnormal individual is clearly a member of one caste and possesses only a few and usually unimportant features of another caste. Among the termites the most striking intercastes as yet recorded are some soldiers of the primitive family Kalotermitidae, which differ from normal soldiers only in the possession of rudimentary wings and in some cases in the abnormal development of the gonads. More numerous and varied inter castes have been found in colonies of ants, but few of them show combinations of many highly contrasting features.
An intercaste found by the writer in a colony of Nasutitermes guayanae (Holmgren) in Trinidad, British West Indies, in March 1937, appears to be entirely unique in the possession of so many important characters of two castes that it cannot readily be assigned to one or the other. The head is predominantly that of a nasute soldier, but it bears the compound eyes and ocelli of the reproductive caste, which predominates in the thorax and abdomen. By an odd coincidence, two other intercastes were found in June of the same year, by Miss Patricia Atteck, in an observation colony of Microcerotermes a r b o r e u sE merson, which had been set up in the lab tory by the writer in December 1936. These are soldiers with rudimentary wings and with the vestigial compound eyes more highly developed than they are in a normal soldier. Both Nasutitermes and Microcerotermes belong to the highest family of termites, the Termitidae, in which only a very few intercastes, between workers and soldiers, have been recorded.
In view of the great interest of intercastes, especially in connexion with mystery of caste determination, a detailed description of these unique forms from Trinidad is given here. It is followed by a brief account of other known intercastes and a discussion of their relation to theories of caste determination.
2. The intercaste of N a s u t it e r m e s g u a y a n a e (Holmgren) ( Euterm esguayanae H olm gren. Jb. Hamburg, wiss. A n st. 1911, 27 (Beih. 2), 254-256.) 
General features
A single specimen of the intercaste was taken from a large nest, about 2 ft. in diameter, on a dead tree stump in a young grapefruit plantation, recently cleared of forest, at Spring Hill Estate, Tamana, not far from the centre of Trinidad, on 10 March 1937. A portion of the nest was brought to the laboratory, placed in a jar with chloroform, and the termites then collected. The intercaste was therefore dead when first seen and there wras no opportunity to observe its behaviour.
All other termites taken from this colony, including alates, nymphs with wing buds, soldiers and workers, appear to be normal. No abnormal specimens have been found in the many other colonies of this species examined in Trinidad, where it is one of the common builders of arboreal nests.
In size the intercaste is intermediate between the soldier and the last reproductive nymph. All external features of the head, except the eyes and the antennae, are more or less soldier-like. The antennae resemble closely those of the imago, and the compound eyes and ocelli recall those of a reproductive nymph. The mouthparts are essentially soldier-like, but they approach those of the reproductive caste in the relatively large proportions of all parts, except the palps, in their larger and more numerous bristles and lighter colour. The pronotum is soldier-like in colour, but all parts of the thorax and abdomen, and their appendages, bristles and hairs resemble in form those of the last nymph of the reproductive caste. The pigmentation of the body, with the exception of the pronotum, approaches that of the imago, being darker than in a nymph and lighter than in a soldier. The distribution of characters is shown in Table 1 . 
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The instar to which the intercaste belongs is a matter for conjecture. The head as a whole appears to be fully adult, being as maturely developed as that of a normal adult soldier. The antennae differ little from those of the imago, showing none of the peculiar features of a nymph, and the pigmentation of the body, though imperfect, is essentially adult. On the other hand, the form of most parts of the body and its appendages, and their bristles and hairs, are nearer to those of the last reproductive nymph. As a whole, the soldier-like characters may therefore be regarded as adult and those of the reproductive caste as immature.
The sex of the intercaste is clearly female, the seventh abdominal sternite being characteristically enlarged and the eighth and ninth greatly reduced. L ength, h ead an d bod y H e a d : len g th w id th w ith o u t eyes A bdom en, len g th A n ten n a, len g th L a b ru m : len g th w id th M andible, left, le n g th M axilla: len g th w ith o u t p alp s le n g th o f p a lp L a b iu m : len g th w ith o u t p alps len g th of p alp C om pound eye, g re a te st d ia m e te r Ocellus, d iam eter, tra n sv e rse P ro n o tu m : len g th w id th W ing-bud, left a n te rio r, le n g th T ib ia of th ird legs, le n g th T he n o rm al individuals are ty p ical specim ens from th e sam e colony as th e in te r caste.
Head capsule
The form of the head is soldier-like throughout but with some modifica tion. It is larger (2*02 mm. long and T44 mm. wide) and more robust than that of a normal soldier (1-85 mm. long and 1T3 mm. wide), and the rostrum is shorter and thicker. The posterior ventral portion of the head is widened to accommodate the maxillae and labium, which are of much larger proportions than in the soldier.
The surface texture and minute sculpturing of the head appear to be identical with those of the soldier. The bristles on all parts of the head are exactly soldier-like, and the numerous fine hairs on the head of the imago are entirely lacking.
The colour of most of the head is soldier-like, but very slightly lighter throughout. On the posterior dorsal portion of the head, adjacent to the pronotum, is a lightly pigmented patch resembling a similar, but slightly smaller and darker, patch on the head of the imago. This is absent in the normal soldier. A light median streak on the top of the head of the inter caste, from the posterior margin to near the middle of the head, corresponds to a similar, but shorter and darker line, on the head of the imago. This streak is absent or very faint in the soldier.
The fontanel of the imago is not represented by any visible external structure on the top of the head of the intercaste. In the last nymph of the reproductive caste it is recognizable as a slight depression.
Eyes
The compound eyes, of which I have found no trace in any soldier of N. guayanae, occupy the same position as in the imago. They are less prominent and considerably smaller (0*25 mm. in greatest diameter) than in the imago (0-51 mm.) or even in the last reproductive nymph (0-44 mm.). They are more elliptical than in the imago, and their upper margin is slightly angular instead of evenly rounded. The facets are weakly defined, being separable with difficulty and only in parts of the eyes, and appear to be less highly developed than in a penultimate reproductive nymph. The general colour is pale violet-grey, with a paler narrow margin. A ring of pale yellow chitin surrounds the eye. In the imago the entire eye is very dark-black or nearly so-and in the last nymph of the reproductive caste it is almost fully pigmented, with only a slight tinge of violet. In the penultimate nymphal instar the eyes are paler than in the intercaste and less prominent, but the facets are more clearly defined. The compound eyes of the intercaste have thus a rudimentary appearance, and it seems un likely that they were capable of function.
The ocelli are whitish, translucent areas resembling those of the imago in size and structure, as seen in surface view. They are, however, displaced and distorted by the nasute form of the head. They are on the sides of the rostrum, about three times their diameter from the compound eyes, against one-half in the imago. Each ocellus is abnormally prolonged towards the tip of the rostrum, and its margins are not sharply defined, being invaded here and there by small pigmented areas, especially towards the anterior pointed end. The ocelli are not prominent-in the imago they project conspicuously, but only very slightly in the last nymph.
Antennae
The antennae had suffered an injury, healed before capture, which amputated the right antennae at the sixth segment and, presumably at the same time, left an indentation on the sixth segment of the left side. The terminal segment of the left antenna, also, appears to be abnormally small, possibly by injury. The appearance of the healed surfaces suggests that these injuries occurred after the previous moult and therefore too late to affect the development of the insect.
The antennae of the intercaste resemble closely those of the imago in size, number of segments (sixteen, against fourteen in most soldiers), form of most segments, pigmentation, bristles and hairs. They seem to be fully mature, lacking all the immature features of the antennae of a nymph. They are slightly thicker, especially segments 4 and 5, than in the imago; segments 2-4 are longer than in the imago, though not so elongated as they are in the soldier. There are no well-defined features in common with the soldier, in which the antennae are considerably smaller, more slender and darker than in the imago and intercaste. The slight elongation of segments 2-4 of the intercaste is probably, but not certainly, to be regarded as a soldier-like character of minor importance.
Mouthparts
Labrum.
The labrum resembles that of the soldier but is considerably larger (0-16 mm. long and 0*35 mm. wide against 015 and 0-25) and pale reddish brown instead of dark reddish brown. It bears three long bristles, two near the distal margin and one-representing a pair of which the other is lacking -near the middle, and a few minute hairs. In the soldier there are usually two pairs of bristles similarly situated, but considerably smaller. In the imago the labrum is much larger (0*55 by 0-56 mm.) and paler than in the soldier and the inter caste, and it bears many long bristles and smaller hairs. The labrum of the intercaste is therefore intermediate in size, pigmentation and length of bristles between those of the soldier and the imago, but it appears to lack any structures peculiar to the reproductive caste. An interesting feature of the labrum of many of the Termitidae is the presence along its anterior margin of six specialized hairs, each set in a socket with a projecting rim; these are present in similar form in all castes of N. guayanae and also in the intercaste.
Mandibles.
The mandibles are soldier-like, differing mainly in their larger size (0-40 mm. long and 0-34 mm. wide against 0-29 and 0-26). The distal part of each is reduced to the sharply pointed, deeply pigmented tooth which is characteristic of the nasute soldier. Along the inner margin of each man-dible there is a heavily chitinized and deeply pigmented area, with a rough, ridged surface. This structure corresponds to a somewhat similar area on the posterior part of the inner margin of the mandibles of the imago and worker. In the soldier it is present as a minute rudiment, whereas in the intercaste it is developed to about the same relative degree as in the imago. The pigmentation of the basal part of the mandibles of the intercaste is somewhat lighter than in the soldier.
Maxillae.
The principal features distinguishing the maxillae of the soldier of N. guayanae from those of other castes are the small size of all parts except the palps, which are relatively long, and the reduction in size and number of the bristles and hairs. In these features the intercaste is inter mediate between imago and soldier, but nearer to the soldier. The maxillae as a whole are relatively larger than in the soldier, and the bristles con siderably larger, especially in the row along the inner side of the lacinia. Both soldier and intercaste lack the complex, brush-like series of hairs on the tip of the galea of the reproductive and worker castes. These hairs are presumably sensory, and apparently not required by the soldier.
Labium.
The labium of the intercaste, like the maxillae, is intermediate between those of the imago and the soldier, but nearer to the latter. The palps are relatively long, as in the soldier, but the other parts are considerably larger than in the soldier. The gulamentum is even wider than in the imago, but resembles that of the soldier in its heavy chitinization and the relatively small number and size of the bristles.
Thorax
The general features of the thorax are essentially those of the repro ductive caste. The greatest abnormalities are in the wings and the pronotum, which are described in detail below, and in the modification of the dorsal sclerites of the meso-and metathorax associated with the wings. The thoracic structures seen in lateral and ventral view resemble closely those of the last reproductive nymph, being smaller in proportions and less heavily chitinized than those of the imago. The bristles and hairs are about the same in number, size and distribution as in the nymph, being smaller and much less numerous than in the imago. The pigmentation, however, resembles that of the imago, though paler throughout and almost lacking the light reddish tinge of the latter. The colour of the pigmented areas varies from very dark brown at the margins of a few of the sclerites through dull brown, with only a slight reddish tinge, to pale yellow-brown. The dorsal portions of the meso-and metathorax are dark reddish brown along the posterior margins of the meso-and metanota, fading anteriorly to pale dull reddish brown. A median white streak, rather wider than in the imago, extends along the meso-and metanota.
Pronotum.
The pronotum in general is similar to that of the reproductive caste but resembles that of the soldier in pigmentation. In form it resembles closely that of the last reproductive nymph, though slightly smaller (0-58 mm. long by 1-04 mm. wide against 0-80 and 1*31). It is much smaller than the pronotum of the imago (0-78 by 1-36) and much larger than that of the soldier (0*24 by 0-58). Most of it is dark brown, deepening towards the anterior margin and fading to light reddish brown over most of the central portion and at the middle of the posterior margin. A continuous pale yellow median line traverses the pronotum; this is faintly represented in both imago and soldier. A pale yellow spot near the antero-lateral margins is also feebly present in imago and soldier. In general, the pigmentation is much more like that of the soldier (dark reddish brown) than of the imago (light reddish brown).
The projecting anterior margin, which gives the characteristic saddleshaped appearance to the pronotum of the sterile castes of Termitidae, is as feebly represented in the intercaste as it is in the imago and reproductive nymph. The bristles on the pronotum of the intercaste, though rather fewer in number, resemble in position and size those of the reproductive nymph; in the imago they are much more numerous and in the soldier much less so. The numerous small hairs on the pronotum of the imago are lacking in the reproductive nymph, intercaste and soldier.
Wings.
The wings are somewhat similar to those of the last nymph of the reproductive caste, but differ in almost all details, in some of which they appear to be at a later stage of development. They are of nearly the same relative length as in the nymph, scarcely half as wide and much thinner, though much thicker than in the imago. Their inner margins are fused with the meso-and metanota, but they do not meet in the middle, leaving much of the meso-and metanota exposed. In the basal sclerites of the forewings (a dissection to expose this part of the hind-wings was not made) the scale and humeral suture are clearly though faintly discernible. These structures are not recognizable in the nymph.
The wing veins, bristles and hairs are developed to about the same extent as in the nymph. The colour of the wings is dull dark brown basally, fading to pale, dull yellow distally and along the inner margins. They are nearly opaque. In the wings of the nymph there is scarcely any dark pigment.
The above combination of characters shows that, though probably representative of the same instar as the last reproductive nymph, the wings of the intercaste may perhaps be imperfect adult rather than juvenile structures.
F ig u r e 1. Nasutiterm es (H olm gr.) intercaste. 
Legs.
In form the legs resemble fairly closely those of the last reproductive nymph, being smaller and less robust, and having fewer bristles and hairs, than those of the imago. Their general colour is very pale, dull yellow, with light reddish brown markings on the coxae and along the femora. This distribution of pigment is somewhat similar to that of the imago, but the bright reddish yellow tinge throughout the legs of the imago is almost entirely lacking. No soldier-like features are apparent in the legs of the inter caste.
Abdomen
The external features of the abdomen resemble closely those of a female of the reproductive caste in the last nymphal stage, differing mainly in smaller size, darker pigmentation, and less numerous bristles and hairs. The dense brown pubescence of the abdominal pleura of the female imago are lacking in both intercaste and nymph. The colour of the tergites and sternites is reddish brown, almost exactly as in the imago. The pleura are dull white as in the nymph. 
The intercaste of M ic ro cer o te rm e s
Emerson (Microcerotermes arboreus E m erson. Zoologica, N ew York, 1925, 6, 453-455.) The two abnormal soldiers representing the new intercaste were found in June 1937, in an observation colony at the Imperial College of Tropical Agriculture, by Miss Patricia Atteck, Technical Assistant in the Ento mology Department. The colony was established by the writer in December 1936, by placing a portion of an arboreal nest, about 10 cm. in diameter, on a plate of glass about 40 cm. square, surrounded by a moat filled with water. A small piece of a dead branch of a tree was placed on the glass, and a layer of earth, about 3 mm. thick, covered by a small glass plate and a piece of black paper to exclude light. The soil was kept moist by a wick of blotting paper dipping in a tube of water. In such conditions many kinds of termites can be maintained indefinitely. They soon build runways leading to sources of food, soil and water, and the only obstacle to obser vation in the narrow space between the glass plates is the termites' habit of obscuring the glass with faecal matter. It is hoped that a solution of this difficulty may be found, making it possible to observe many phases in the life of a termite colony, including that of the king and queen, in almost natural conditions.
With the intercastes, a series of alates, two soldiers, and many workers and nymphs from the same colony were preserved. These appear to be entirely normal, except for the lack of the anterior median lobe on the pronotum of one of the soldiers; this lobe is absent also in one of the intercastes. It is possible, if not probable, that the abnormality of the intercastes was brought about by the unnatural conditions of a small colony in the laboratory. Unfortunately the colony died out a few months after the intercastes were found and the presence or absence of a functional king and queen, at that time, was not ascertained. T he norm al soldier is from th e sam e colony as th e intercaste. T he reproductive n y m p h is a ty p ical specim en from an o th er colony.
The two specimens of the intercaste are identical in all significant external characters, except that in one of them the pronotum is slightly smaller and lacks the anterior lobe, and that in the same specimen the wing scales and humeral sutures are less developed than in the other.
The abnormal characters of the intercastes are in the vestigial com pound eyes, the form of the pronotum, and the wing-buds. No other external features of significance appear to separate them from normal soldiers.
In most normal soldiers of Microcerotermes in Trinidad the compound eye is represented by a small pigmented area behind the antenna. The pigment varies from light yellow, only slightly darker than the pale yellow of the head generally, to dark brown. No clear indication of facets has been seen. In the intercastes the pigmented area has a dia meter of about 0-15 mm., about twice as great as in any normal soldier. The eye is bounded on its anterior margin by a semicircular rim of dark reddish brown chit in. Along this semicircle is a row of about eight facets, and about thirty are distributed over the middle and posterior parts of the eye. The facets are more or less circular and about half the size of those of the imago. Their colour varies from almost white to dark brown.
The pronotum of each intercaste is somewhat similar in size and form to that of a reproductive nymph in its last instar, being larger, wider and flatter than in the soldier. The ridge on the an terior margin, which in the sterile castes of the Termitidae gives the pronotum a characteristic saddle-like form, is developed in one of the inter castes to about the same extent as in the repro ductive nymph. In the other intercaste this ridge is absent, its place being occupied by a slight depression. One soldier in the same colony, though otherwise normal, has a pronotum of this form.
The colour of the pronotum of the intercastes is pale, translucent reddish yellow along the mar gins, fading towards the middle, where pigment is almost lacking. In one of them the raised an terior margin of the pronotum is slightly darker than the other parts. The bristles and hairs on the pronotum of both intercastes are similar to those of a reproductive nymph, being slightly F ig u r e 6. Microcerotermes fewer and smaller than in the imago but larger Emerson-â nd more numerous than in the normal soldier. The wing buds bear a general resemblance to those of a reproductive nymph before its final moult, but differ in all details. They are shorter, narrower and thinner than in the reproductive nymph, and the chitinization of the basal structures and of the veins is of greater degree. The differentia-tion of the basal scale and humeral suture is faintly but unmistakably discernible. The wings are translucent, with little pigment, of a pale yellow colour. The wing buds of a normal nymph are without pigment. The wings of the intercastes of Nasutitermes and of Microcerotermes are similar in degree of development.
All parts of the abdomen, including the terminal sternites, of the inter castes of Microcerotermes appear to be exactly similar to those of a normal soldier.
Other known intercastes of termites
In the literature I have found records of only two principal types of termite intercastes: soldiers with wing buds in a few species of the primi tive family Kalotermitidae, and forms combining features of the soldier and worker castes in Reticulitermes, of the family Rhinotermitidae, and in Nasutitermes, of the Termitidae. Emerson (1926) writes: 'Soldiers are often found with wing buds which may be pigmented in the Kalotermi tidae. None with wing buds have ever been found in the higher termites, however', and 'No thoroughly verified case of fertile workers or workers with wing buds has ever been described'. In the innumerable termite colonies which he has studied, Emerson (1935) has reported only one with soldier-worker intercastes. Snyder (1933) similarly emphasizes the rarity of termite intercastes, and he questions Heath's (1928) observation that certain soldiers of Zootermopsis nevadensis (Hagen) laid fertile eggs. Castle (1934), however, writes that he obtained soldiers of Z. angusticollis with well-developed testes and ovaries, both in the field and in isolated groups in the laboratory. These he regards as supplementary reproductives. They were without trace of wings.
In Kalotermes occidentalis Walker, recorded from Arizona and western Mexico, all soldiers according to Snyder (1933) have wing buds or traces of wings. A character abnormal in other termites appears to be normal in this species, as are the vestigial eyes of soldiers of the Kalotermitidae and even of the Termitidae.
In the common North American subterranean Reticulitermes tibialis Banks, of the family Rhinotermitidae, Snyder (1933) has described 'a male half worker, half soldier form'. The head is coloured as in the soldier, and slightly longer than in the worker; the mandibles and labrum are 'typically worker-like, but are extended as in the soldier'. Snyder was unable to decide whether this termite is merely 'a worker of abnormal development' or a true intercaste.
In Nasutitermes (N.) myersi Snyder, from Brazil, Snyder (1933) an individual with the colour of a soldier, a short rostrum, but with worker like mandibles and in general features more like a worker than a soldier. Emerson (1935) found fourteen soldier-worker intercastes in a single colony of Nasutitermes (N.) similis Emerson-a species very close to N. guayanae-at Kartabo, British Guiana, in 1920 . 'The intercastes are more soldier-like than worker-like, but most of them deviate from the soldier in having a shorter head projection and an extra tooth on each mandible.' Emerson's comments on the significance of this exceptionally interesting discovery are mentioned below.
The intercastes of ants are described in papers by Wheeler (19286, 1937) .
Origin of intercastes and theories of caste determination
The greatest interest of intercastes lies in their relation to the problem of caste determination and any explanation of their origin must depend largely on an understanding of caste determination in general.
Unfortunately the mechanism of caste determination in termites and ants remains almost completely unknown. The evidence available up to a few years ago, and the theories based upon it, have been reviewed by such writers as Wheeler (1928a ), Imms (1919 , Emerson (1926 Emerson ( , 1939 and Castle (1934) . The theories of 'intrinsic' or genetic determination, prior to hatching, have received little or no direct support from observations on termites. Thompson (1917) claimed that newly hatched nymphs of many genera of termites could be separated into two types, reproductive and soldier-or-worker, according to the size of the brain and gonads, but Hare (1934) has re-examined the material on which her conclusions were based and shown them to be without foundation. Bugnion's (1914) figure of a newly hatched nymph of ' Eutermes ' Bugnion with a ' corne frontale' (rostrum) is undoubtedly inaccurate, as Thompson (1919) pointed out long ago. The so-called rostrum is merely the labrum, which is disproportionately large in all first instar nymphs of Nasutitermes that I have examined. The rostrum of dwarf soldier nymphs, less than 2 mm. long, which I have found in very young colonies of N. costalis (Holmgren) in Trinidad, bears no resemblance to the distorted labrum in Bugnion's figure.
Great advances in the study of caste determination in termites are being made by Prof. S. F. Light and his associates at the University of California in Berkeley, using the primitive and adaptable angusticollis. Some of these results, described by Castle (1934) , show that
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the caste assumed by nymphs may be altered by the conditions in which they develop. Removal of the first soldiers to appear in a young colony causes an abnormally high proportion of nymphs to become soldiers. Extracts from the bodies of kings and queens, by alcohol or ether, inhibit the development of the reproductive organs in isolated nymphs. The inhibiting agent or agents are presumably excreted by the normal func tioning reproductive termites, and their discovery lends striking support to Wheeler's concept of ' trophyllaxis ' as a directing influence in the constitution and development of insect societies. If the mechanism of caste determination as thus far elucidated in is the same in all termites, it would appear that caste is determined after hatching by certain activities, as yet little known, of the termites.
In many of the bees and wasps it has long been known or at least suspected that the caste assumed by females depends on the quality or quantity of food supplied to the larvae. In ants the more complicated problem of caste determination is perhaps even farther from solution than in the termites. Wheeler (1937) , in the last work completed before his death, discussed the available evidence, including the known intercastes and other anomalies. The most striking of these were found in Trinidad by Dr Neal Weber, in a remarkable colony of a fungus-growing ant, Acromyrmex octospinosus Reich, in May 1935, about a year before the discovery of the termite intercastes described here. No less than 164 anomalous individuals were taken from this nest. Wheeler regarded some of them as the first known 'mosaics' between the female reproductive and the worker caste, and believed that they prove the correctness of the ' blastogenic ' theory of caste determination in ants. He failed, however, to show that no alternative explanation of these anomalous forms was possible, and Whiting (1938) has recently shown that they may be inter sexes or intercastes, and not mosaics in the genetic sense in which the term is usually applied. Whiting inclines towards the trophogenic theory of caste determination. An answer to the problem remains a subject for future investigation.
The above discussion throws little light on the origin of any known termite intercastes, and no adequate explanation of their occurrence has been advanced. Emerson (1935) writes regarding his soldier-worker inter castes of Nasutitermes similis: 'whether the effect is due to some unknown environmental influence or due to a genetic influence upon development cannot be determined from the available data'. There are, however, a few points worth discussing here.
The extreme rarity of termite intercastes suggests at first sight that they are not caused solely by abnormal conditions operating after hatching. Such factors as quantity and quality of food, including secretions of other members of the colony, injury, isolation, and so forth, must vary so much in nature that abnormalities, if caused by variation in these factors, would probably have been found more frequently by collectors of termites. On the other hand, if they are produced as a result of disturbances within the chromosomes, prior to hatching, the rarity of intercastes would be not only explainable, but to be expected. The above considerations could be extended to caste determination in general, in support of genetic deter mination. It is obvious, however, that the rarity of intercastes is not altogether incompatible with 'extrinsic' theories of determination like that of Castle. It is possible that all nymphs hatch with equal potentialities for all castes, and that when subsequent conditions bring into operation the factors for one caste, the factors for other castes are thereby rendered completely ineffective. The condition of an individual in which factors peculiar to more than one caste are in operation may be so unstable that its persistence is extremely rare. An intercaste like that of N. guayanae described here may be the result of the fortuitous and rare coincidence of several factors.
In the case of the intercastes of Microcerotermes arboreus described here, it seems not unlikely that the abnormality was due to unnatural conditions in the laboratory. The presence or absence of a royal pair was not ascer tained when the intercastes were found, but it is probable that no normal reproductives were present, and the development of features of the repro ductive caste may be comparable to the abnormal development of the gonads in nymphs of Zootermopsis isolated from the king and queen. This explanation is supported to at least a slight extent by the fact that two intercastes of Microcerotermes were found. It is noteworthy in this con nexion that Emerson's (1935) soldier-worker intercastes of Nasutitermes similis numbered no less than fourteen in one colony. This appears to be against the possibility of a chance disturbance in genetic constitution of these intercastes, unless, of course, it were one that concerned one or both parents, instead of their offspring individually.
It is of interest to note that the few known termite intercastes are between reproductive and soldier or soldier and worker castes, and that no forms combining characters of the reproductive and worker castes are known. This evidence, so far as it goes, supports the view of Emerson and others that the worker caste has been derived phylogenetically from the soldier, and not directly from the reproductive forms.
I am greatly indebted to Miss Patricia Atteck, Technical Assistant in Entomology at the Imperial College of Tropical Agriculture, for discovering the intercastes of Microcerotermes, and also for making the drawings for this paper. All of the intercastes have been examined by Dr A. E. Emerson, of the University of Chicago, and I am very grateful to him for his advice regarding them. Both he and Dr A. D. Imms have been kind enough to read the manuscript.
Summary
An individual of Nasutitermes (Nasutitermes) guayanae (Holmgren) in the Termitidae, representing the only known termite intercaste combining intimately many important features of two castes, was found in Trinidad, B.W.I., in March 1937. The head is soldier-like in most features, but has compound eyes, ocelli and some other characters of the reproductive caste. The pronotum is intermediate between that of the soldier and reproductive castes; the wing buds are somewhat like those of a repro ductive nymph, except that the pigmentation approaches that of an imago.
Two soldiers of Microcerotermes a r b o r e u Emerson, also with wing buds, abnormally large vestigial eyes, and with the pronotum intermediate between those of the soldier and reproductive castes, were found in an observation colony, in Trinidad, in June 1937.
Previously reported termite intercastes appear to be merely soldiers with wing buds in a few species of the primitive Kalotermitidae and worker-soldier intercastes in Reticulitermes (Rhinotermitidae) and Nasuti termes similis Emerson and N. myersi Snyder (Termitidae).
The significance of termite intercastes is discussed. They support the view of Emerson and others that the worker caste arose phylogenetically from the soldier. An explanation of the origin of the intercastes, and their relation to theories of caste determination, must await further advances in the study of the latter problem.
